During work on Coccidioides immitis the need arose for a relatively rapid method for the determination of the virulence of a number of strains of this microorganism. A satisfactory method has been described by Friedman, Smith, and Gordon (1955) in which a standard dose, usually 100 arthrospores, is inoculated intraperitoneally into mice. The virulence was determined from (i) the percentage of animals dead after a fixed interval of time or (ii) the number of days after inoculation when a specified percentage of the animals died. Karrer (1953) suggested that intracerebral injections in mice could be used for virulence assays. This method may be too sensitive, however, because the LD5o for the two strains tested was less than 10 arthrospores. Characteristic of such virulence assays, considerable time and numbers of animals are required.
Several workers have shown that C. immitis could be subcultured in the developing chick egg. Moore (1941) used the chorioallantoic membrane for cultivation and histopathological study of pathogenic fungi. Newcomer, Wright, and Tamblyn (1952) studied the growth and development of the spherule phase following injections into the allantoic cavity or the yolk sac. Brueck and Buddingh (1951) used the yolk sac of embryonated eggs for the isolation and growth of pathogenic fungi and Burke, Salvin, and Gerloff (1952) and Vogel and Conant (1952) studied the growth and morphology of C. immitis in embryonated eggs using various sites of inoculation. Goodman, Fountaine, and Vincent (1953) reported that LDW% values for chick embryos were not obtained even with injections of 106 organisms unless the eggs were cooled immediately prior to and following injection. The site of inoculation, however, was not specified in Goodman's paper. Vogel, Peace, and Koger (1957) studied the histopathological reactions of the yolk sac tissue to C. immitis. On the basis of these reports, a virulence assay method employing the embryonated chicken egg has been devised and is described in this report.
MATERIALS AND METHODS
Preparation of inoculum. The material injected into eggs was a suspension of C. immitis arthrospores from a culture grown for 28 days at 34 C on a reciprocal shaker in a glucose, ammonium acetate, inorganic salts medium (Roessler et al., 1946) . To provide aeration for maximal growth, the shaker was operated at 90 excursions per min with a 6-in. stroke.
The arthrospores were washed twice in 0.85 per cent saline solution and chains broken up, if necessary, by shaking for 10 min with glass beads on a Kahn shaker. Viable particle counts of all inocula were made by plating serial dilutions on agar containing 2 per cent glucose, 1 per cent peptone, 0.1 per cent yeast autolysate, and 2 per cent agar (GPY agar) adjusted to pH 7.0 to 7.2.
Inoculation of eggs. Five-day-old embryonated chicken eggs were used in all except the preliminary experiments. Ten-fold dilutions of the arthrospore suspension were made in 0.85 per cent saline; appropriate dilutions (0.25 ml per egg) were inoculated by the selected route. Before inoculation, the area over the air sac was cleansed with 4 per cent tincture of iodine. Injections were made into the yolk sac with a 2-ml tuberculin syringe using a 1-in. 21-gauge hypodermic needle. Injections in the allantoic fluids of 8-dayold embryonated eggs also were made with a Y4-in., 24-gauge needle. Ten eggs per dilution plus at least 10 controls were used in all virulence assays.
Incubation. The inoculated eggs were incubated at 38.5 C for 14 days in a standard egg incubator with controlled humidity. Embryo deaths were determined daily by candling. Values for LD5M
were calculated by the method of Reed and Muench (1938) 
RESULTS
Site of inoculation. The first experiment compared the yolk sac and the allantoic fluid as sites of inoculation in 8-day-old embryonated eggs. The majority of embryo deaths in eggs inoculated by the yolk sac route occurred between the second and sixth day following inoculation (table  1) . The large number of deaths occurring on the 11th and 12th days was considered to be the normal prehatching mortality rise which occurs in incubated eggs immediately before the hatching period. Cultures made from these eggs were negative.
Few embryo deaths occurred in eggs inoculated in the allantoic fluid. Cultures and microscopic Growth of C. immitis in eggs. The possibility of death due to some adjuvant used in the assay was investigated. The injection of sterile defined medium, sterile physiological saline, sterile culture filtrate, heat-killed C. immitis culture, or sterile filtrate of ground eggs (in which the embryos had died after inoculation with 5.9 X 101 viable fragments of C. immitis) failed to cause an appreciable number of deaths in uninfected 5-day-old embryonated eggs. Realizing that death of the embryos may have been due to the competition for or depletion of the nutrients in the yolk, autolyzed yeast and glucose were added periodically to the yolk. This procedure tended to decrease rather than increase the LDW values without affecting uninoculated controls.
Replicate titrations. A large experiment, using the Cash strain of C. immitis and approximately 280 five-day-old embryonated eggs, was performed. The mean and standard deviation of this virulence titration was computed so that an estimate of the true experimental error was afforded when replicate groups of eggs injected at the same time with the same stock suspension 1961] A 9/9 9/9 8/9 3/7 100 B 10/10 8/8 10/10 4/8 59 C 9/9 6/6 9/9 4/8 59 D 7/7 10/10 9/9 2/9 133 E 7/7 10/10 10/10 4/10 86 F 9/9 9/9 8/9 3/7 100 G 10/10 8/8 10/10 4/10 86 * Traumatic deaths were subtracted.
were used. The majority of the embryos in the virulence titration died between the third and sixth day after injection, the larger doses giving the more rapid response. A typical death curve plotted from these results of experiment 50 is shown in figure 1 . Normally no deaths occurred between the 10th and 14th day after injection when 5-day-old embryos were used. DISCUSSION Vogel, Peace, and Koger (1957) reported that a direct invasion of tissues of the yolk sac by the fungus was observed when 13-day-old embryos were studied. Although no systematic study was made by us of tissues of the embryonated eggs, it was shown that (i) onset of embryo death was influenced by the amount of agent injected into the yolk sac, (ii) large differences in the calculated LD5o resulted when different strains of C. immitis were compared, and (iii) 5-day-old embryos were more susceptible than older embryos. Even though these results were (Friedman et al., 1956) . The data show that there was little variability in the virulence of strain Cash among experiments performed under identical conditions at different times. A comparison of these data with those reported by Friedman et al. (1956) shows that, in general, the results of virulence assays in eggs correlate with those in mice. The results reported here are somewhat in variance with those reported by Newcomer et al. (1952) . These workers reported that they found no correlation between the survivability of 8-dayold embryos and the number of organisms in the inoculum. Further, they found that C. immitis developed more rapidly in nonembryonated eggs than in embryonated eggs. These differences possibly can be explained by considering the age of the chick embryo used, the plating medium employed to evaluate growth in the egg and to quantitate the inoculum, and the medium used to produce material for inoculation. Practically all the work reported here involved 5-dayold embryos which were shown to be more sensitive to injections of C. immitis than 8-dayold embryos. In experiments which employed the proper dose range, graded responses were always obtained; such experiments involved several thousands of eggs. Sabouraud's agar at the pH commonly used in clinical laboratories has been shown to be rather poor for the cultivation of C. immitis. The use of this medium may also have contributed to the differences observed.
of injection or to the effects of chemical or nonviable biological material injected with the fungus. It also was concluded that death probably was not the result of depletion of nutrients in the yolk.
The virulence of 37 strains of C. immitis was determined by this technique.
